HR 1129 is a 4.8-mag star in the constellation Camelopardus, strangely (in view of its brightness) lacking a constellation designation. It has long been known to exhibit a composite spectrum consisting of a late-type primary and an early-type secondary. The radial velocity of the primary is easily measured, and was announced as variable nearly 100 years ago. A preliminary orbit with a period of 6150 d was given for it by one of the present authors in 1990; our new value is 6124 ± 3 d. The system has been resolved by speckle interferometry, but has not been measured systematically by that technique. The spectrum of the primary is found to be very similar to that of α Aqr (G2 Ib), although the parallax shows HR 1129 to be somewhat less luminous. The secondary spectrum has been isolated by subtraction and has proved to be that of a B7 star that is somewhat above the main sequence and may itself already be a giant. We present a comprehensive discussion of the spectra of both stars, and deduce that the system is considerably reddened: E(B − V) ∼ 0.30, A V ∼ 0.9 mag. By incorporating 25 measurements of the radial velocity of the secondary, we calculate a double-lined orbit solution which gives the mass ratio for the components as 1.109 ± 0.022; we determine individual masses of 4.8-5.2 M ᭪ (primary) and 4.3-4.7 M ᭪ (secondary). The orbit is viewed at an inclination of ∼ 87
I N T RO D U C T I O N
Composite-spectrum binaries constitute a largely neglected resource that includes many objects that not only are of great astrophysical interest in their own right but in many cases also offer determinations of the masses -otherwise very difficult to come by -of giant stars. Since stellar mass is central to theories of stellar evolution, any measurement of that quantity provides valuable constraints for those theories. While the determination of the mass of a single star is notoriously uncertain, binary stars -and in particular doublelined spectroscopic binaries -can offer direct determinations of the Guest Worker. †E-mail: Elizabeth.Griffin@nrc.gc.ca (REMG); rfg@ast.cam.ac.uk (RFG); manager@obsmag.org (DJS) component masses, or at least of their ratios. Double-lined spectroscopic binaries in which the components are at different stages of evolution, i.e. 'composite', present the possibility of additional challenges since the need for the individual evolutionary ages to agree places constraints on the model for the binary. In this series of papers we describe detailed investigations of various composite-spectrum binaries, measure the mass ratios and derive narrow limits for the individual stellar masses. Each system studied so far has proved to be unique in some respect, indicating the danger of adopting statistical values in lieu of actual measurements. The subject of this paper, HR 1129, is no exception; in the course of our analysis to determine the mass ratio of the components we have also uncovered important evidence regarding the evolution of the individual components.
HR 1129 (HD 23089/23090) is a bright star at a high northern declination (+63
• ). Its UBV magnitudes have been measured by a number of authors (Naur 1955 Johnson et al. 1966) , with results close to V = 4.80, (B − V) = 0.80, (U − B) = 0.25. The Hipparcos parallax (ESA 1997) is 0.004 08 ± 0.000 66 arcsec, corresponding to a distance modulus of 6.95 ± 0.4 mag and thus to an absolute magnitude slightly brighter than −2 before correction for interstellar absorption.
It is surprising that such a bright star has not been dignified by a constellation designation; it is in the constellation Camelopardus. In most cases where a bright star lacks a constellation designation there is an identifiable reason (Griffin 1999 ), but within a radius of 5
• of HR 1129 there are 10 other stars with visual magnitudes close to or brighter than 5 mag that also have no constellation designations; one of them is actually brighter than α Cam! The spectrum of HR 1129 was initially classified as type F in the Draper Catalogue (Pickering 1890) , and that type was repeated in the Revised Harvard Photometry (Pickering 1908) which later served as the list that defined the content of the Bright Star Catalogue (Hoffleit 1982) . Soon afterwards, however, the composite nature of the spectrum was recognized by Cannon (1909) , who commented (on p. 105 of the Remarks): 'This star is not a known double, but the spectrum is a good example of the composite type. The portion from H to Hβ resembles that of Class F5, but the band K, instead of being equal in width and intensity to H , as it is in typical stars of Class F5, is no wider than in spectra of Class A2, and the hydrogen lines Hλ, Hκ, Hι, Hθ, Hη and Hζ are as intense as in class A, or A2. The spectrum of the brighter component is probably of Class G, and the fainter component, probably of Class A.' Indeed, in the relevant volume of the Henry Draper Catalogue (Cannon & Pickering 1919) HR 1129 is accorded two numbers, HD 23089 (type F5) and HD 23090 (type A). A note in the back of the volume consists only of the laconic comment, 'The spectrum is composite'.
The method of estimating 'spectroscopic parallaxes' from stellar spectra by the comparison of the strengths of luminosity-sensitive pairs of lines ought to work for late-type stars even in a case such as that of HR 1129 where the late-type spectrum is overlain by that of a hot star that contributes little in the way of a line spectrum of its own. The efforts of Rimmer (1925) at the Norman Lockyer Observatory and of Adams et al. (1935) at Mount Wilson, however, produced estimated absolute magnitudes of +0.3 and −0.5 respectively for the primary star -less luminous than we now believe it to be. The Mount Wilson authors gave their own classification of the star as cF5, seemingly ignoring the Harvard discovery of its composite nature. Hynek (1938) , who made at the Perkins Observatory a comprehensive study of composite spectra, listed HR 1129 as no. 13 in his catalogue of 566 such objects. He noted, "Classed as cF5 at Mt.W. Radial velocity (RV) variable, range 9 km. Color of gG4. Har [vard] observers state: 'From H to Hβ it is of Class F, but the band K . . . is no wider than in spectra of class A2.' Veiling effect is clearly shown on Per [kins] plates. Lines common to both spectra stand out especially distinctly, and composite K line has interesting structure, the early K being hardly stronger than in A0. Trace of G band is present and class is probably somewhat later than F5, the veiling effect tending to make the spectrum appear earlier than it is. Class I." His last remark assigns the object to one of the nine different classes that he recognized, of which the relevant one is defined as follows. 'I. Composite spectrum arising from a physical binary whose component stars are not resolvable even with the largest instruments, yet whose relative motion is not great enough to establish definitely the pair as a typical spectroscopic binary.' He refers to that class as 'spectrum binaries'.
That description well represents the state of knowledge on HR 1129 at that time. In the ensuing decades there were several more efforts at classification, first from the composite spectrum in what was then regarded as the normal photographic region, and more recently from observations made towards one or other extreme of the optical spectrum where the interference of the spectrum of one component with that of the other is minimized. Slettebak (1955) classified the system as A1 + G2 III in the context of an investigation of stellar rotational velocities, in the course of which he gave the value for HR 1129 as 25 km s −1 . Bahng (1958) experimented with the synthesis of flux distributions, determined by multi-band photometry of composite spectra, from the distributions for single stars of different types, and found that the best fit for HR 1129 was the combination G0 III + A3 V with a colour excess (reddening) of E(b − i) of 0.7 mag. He noted the reddening of three B stars near to HR 1129 in the sky, and, further encouraged by (i) the need for reddening to effect the synthesis, (ii) the then-available negative trigonometrical parallax, and (iii) the cF5 classification from Mount Wilson, suggested a supergiant nature for the system. He was, however, unable to try a direct synthesis that included supergiant components because he had no G-type supergiants among his standard stars. Kuhi (1963) classified the primary star as G0 III from a spectrum taken in the red. Markowitz (1969) , who studied composite spectra as a PhD project, found the types to be B9 V and G2 II-III, both components having rotational velocities 50 km s −1 . Cowley (1976) proposed types of A2 and K III:, Hendry (1981) gave F8 III-IV and A2:, and Parsons (1982) used spectra from the International Ultraviolet Explorer (IUE) to estimate a type of 'B9 (-)' for the hot component. Abt (1986) gave types of A0 V and F8 III; later, he and Morrell (Abt & Morrell 1995) put them at A0 and G0: II-III, and also noted that both components have v sin i of 18 km s −1 . An interesting semi-popular article by Carquillat (1988) on composite spectra utilized HR 1129 as an example, illustrating with half-tone blocks very beautiful classification spectra of individual stars of types A2 V and G0 III and then HR 1129 in which types comparable to those are combined.
Parsons & Ake (1998) gave a type of B8 V for the hot component of HR 1129 on the basis of IUE observations. By fitting the wavelength dependence of the flux from the system they obtained a model with spectral types of 'b]G3 + B8.5', where the 'b]' indicated that they had not actually got an example of that type, which was a 'bright giant', i.e. a luminosity class II star, whose flux distribution had been interpolated between those of objects of classes Ib and III. The model indicated a V of 1.1 mag between the components and required a reddening, E(B − V), of 0.22 mag.
Comparatively recently, Ginestet et al. (1997) and Ginestet, Carquillat & Jaschek (1999) have repeatedly found, from spectra observed digitally in the near-infrared where the hot component is comparatively weak, that the late-type star is a supergiant of type G2 Ib, and Ginestet & Carquillat (2002) have classified the hot star as B7 (IV) from spectra taken in the near-ultraviolet where it is the late-type component that has little flux. The last-cited paper also provided a photometric model in which the two stars have absolute magnitudes of −2.5 and −1.1, (B − V) colour indices of +0.86 and −0.13, and reddening of E(B − V) = 0.19 mag, responsible for visual extinction of 0.57 mag. Mallik, Parthasarathy & Pati (2003) derived lithium abundances from observations of the λ6708-Å 'lithium D-line' blend in a considerable number of bright stars. They appear not to have appreciated that certain stars on their programme, which was in any case intended to be restricted to dwarfs and subgiants, are composite, and since they used model atmospheres selected by effective temperatures derived from (B − V) colours the Li abundance that they derived for HR 1129 may not be accurate. Most recently of all, Parsons (2004) has proposed, mainly because he was unable to match the published types of the components by isochrone fitting, that the system must be triple.
While the research of Parsons (2004) , and of Parsons & Ake (1998) to which it refers, is based on five low-and one highdispersion IUE spectra observed in 1982-3, the IUE archive contains a further 19 high-dispersion observations made between 1983 and 1994, many of them initiated by one of us (DJS); in all, there are seven high-dispersion spectra of the short-wavelength region and 13 of the long-wavelength region. That material is described below in Section 3.3.
The angular separation of the components of HR 1129 is too small for the system to be seen as a visual binary, but resolution has been achieved by speckle interferometry, initially by McAlister (1978) , who measured in 1976 a separation of 0.045 arcsec. Over the ensuing few years the separation changed somewhat but the position angle remained much the same, indicating a high orbital inclination. Towards the periastron passage of 1984, which we witnessed through its RVs, the angular separation declined until it became beyond resolution even with the Russian 6-m telescope, and remained so for several years (Balega & Balega 1985 Bonneau et al. 1986 ). It was our hope (Griffin 1990 ) that interferometric measurements would be resumed after the periastron passage and would indicate whether or not an eclipse could be expected in 2003 October, after the following one (in 2001). Unfortunately they were not pursued much further round the orbit, but the existing data set of 15 values, together with parameters from the RV orbit, is nevertheless sufficient to solve for the orbital inclination (Section 4.4).
R A D I A L V E L O C I T I E S O L D A N D N E W

In the literature
The fact that HR 1129 is brighter than 5.5 mag ensured its inclusion in the comprehensive Lick RV survey (Campbell & Moore 1928) undertaken with the Mills spectrographs on the 36-inch refractor in the first quarter of the twentieth century. The first two measurements were made in 1904; the next two, in 1907 and 1908, did not agree well with them, and when (in 1910) a particular discordance arose, an announcement was made by Moore (1911) of the binary nature of the object. Moore listed the RVs as far as that date; in fact only one further measurement was made at Lick, in 1912, before the survey was concluded in 1926. In the final compendium of survey results, published by Campbell & Moore (1928) , various minor corrections were carefully applied to all the RVs, so it is usual to find slight changes from values that were published in such interim announcements as were made concerning HR 1129 in 1911. The 1910 measurement, however, was changed substantially in the final publication and had become much less discordant with its predecessors -a fact already noted by Parsons (1983) -but even the revised value has such an uncharacteristically large residual from the orbit solution derived below that we have felt moved to reject it. After the conclusion of the principal survey, however, HR 1129 was restored to the Lick observing programme in 1940 with a view to determining its orbit; 22 additional spectrograms were obtained with the 36-inch refractor and, although it seems that only the first few were ever measured, G. H. Herbig (private communication 1976) had somehow managed 30 years ago already to estimate that the orbital period is about 6300 d. Tremblot (1938) derived RVs from two plates taken with a prismatic spectrograph giving a reciprocal dispersion of 16 Å mm −1 at Hγ on a 0.81-m telescope at Haute-Provence. He wrote (we translate from the French), 'Thanks to the excellent definition of the H and K lines, the RV of the second component can be accurately measured.' -and indeed he gave velocities for both components. We show, however, in Section 6.1 that there are significant interstellar contributions blending with the stellar H & K lines, so Tremblot's measurements may not be reliable although in fact they are in reasonable agreement with the orbit solution.
Twenty RVs of HR 1129 were published by Abt & Levy (1976) in their paper on solar-type stars, but after obtaining the observations they recognized that 'the spectral type . . . places it outside the present program', so they offered no discussion of them apart from saying that 'the velocity measures for the G star suggest a period of roughly 5 years. ' Hendry (1981) published for HR 1129 an orbit with a period of 219.971 d on the basis of the five velocities published in the Lick announcement of variability (Moore 1911 ) and seven of her own, which span a range of almost 100 km s −1 , but later she withdrew it (Hendry 1984; Baker 1984) . Parsons (1983) obtained five measurements with a reticon at the coudé focus of the McDonald 82-inch reflector, and offered, distinctly tentatively, a revised period of 212.201 d.
A preliminary orbit with a period of 6150 ± 16 d (nearly 17 yr) was presented some time ago by one of the present authors (Griffin 1990) on the basis of such of the observations that are listed below as had been made by then. At that time the writers' own observations did not cover a complete cycle, but the inclusion of Lick measurements from several previous cycles permitted the period to be determined reasonably accurately. A slightly updated version of the orbit for the primary star was published in the proceedings of a conference (Griffin 1992) , but with the identity of the star veiled by a new designation ('McA 12') in deference to nomenclature applied by the conference organizers in a previous publication (McAlister et al. 1987) ).
Two sets of RVs have appeared in print since that orbit. Fehrenbach et al. (1997) gave four RVs derived by their objective-prism method (e.g. Fehrenbach et al. 1987 ), but they were tabulated only to a precision of integer kilometres per second; they are not of utility for our purposes. De Medeiros & Mayor (1999) obtained five velocities with the Haute-Provence Coravel (Baranne, Mayor & Poncet 1979) , and derived a projected rotational velocity, v sin i, of 10.7 km s −1 .
Present work
Our own RV campaign on HR 1129 began in 1981 at the time that we initiated a comprehensive study of composite spectra (Griffin 1986) , and has been maintained systematically ever since with a number of different photoelectric spectrometers. Identifying them in the order in which we first used each of them, we report 54 observations with the original photoelectric instrument in Cambridge (Griffin 1967) , with which the cross-correlation procedure of measuring RVs was first developed and demonstrated. Then there are three measurements made with the spectrometer at the coudé focus of the Palomar 200-inch telescope (Griffin & Gunn 1974) , eight with the one at the 48-inch coudé of the Dominion Astrophysical Observatory (DAO) (Fletcher et al. 1982) , 31 with the Geneva Observatory's Coravel at Haute-Provence (Baranne et al. 1979) , and finally 65 obtained with an instrument of the Coravel type that replaced the original spectrometer at Cambridge. The new velocities, totalling 161, are listed in Table 1 in chronological order, together with the velocities given by Campbell & Moore (1928) , Tremblot (1938) , Abt & Levy (1976) , Parsons (1983) , Fehrenbach et al. (1997) and De Medeiros & Mayor (1999) . 
Orbit of the late-type primary star
Our own RV measurements extend over some 1 1 / 2 revolutions of the HR 1129 system, and include comprehensive coverage of two periastron/nodal passages in the very eccentric orbit. The only departures that we have needed to make from equal weighting and constant zero-point among our own five sources are to adjust the zero-point of the velocities of the Haute-Provence Coravel by +0.8 km s −1 , a very usual amount, and to reduce the weighting of the 54 'original Cambridge' data to 1 / 3 of that attributed to the other spectrometers. The six Lick velocities, despite being measured about 100 years ago, are of the same standard as the recent ones and merit unit weight, provided that we reject the one (mentioned above) that was already changed substantially between its original publication (Moore 1911 ) and the final catalogue (Campbell & Moore 1928) . Unusually, no relative zero-point shift is needed to the Lick observations. The 20 measures by Abt & Levy (1976) and five by Parsons (1983) can be incorporated in the orbit solution, the former needing an offset of −0.9 km s −1 and a weight of 1 / 6 and the latter an offset of +0.8 km s −1 and a weight of 1 / 8 . The two observations of the primary by Tremblot (1938) and the four by Fehrenbach et al. (1997) , though listed in Table 1 , have been given zero weight and are listed 'as published'. The quoted offsets to the Haute-Provence and the Abt & Levy measurements are already applied to the velocities as they are listed in Table 1 .
We are placed in something of a quandary by the five velocities that De Medeiros & Mayor (1999) measured with the HauteProvence Coravel. They could be expected to be homogeneous with our own measurements that were made with the same instrument and reduced by the same people, but they are not: with the same zero-point offset applied, they exhibit a mean residual almost exactly equal to the offset (+0.75 ± 0.29 km s −1 ), as if they would be much better off without it. Since we have plenty of contemporaneous measurements of our own, we have tabulated the De Medeiros & Mayor measurements with the +0.8 km s −1 offset but have given them zero weight in the orbit.
In the solution for the cool primary the mean-square residual for the 65 measurements made with the Cambridge Coravel is about half the value that characterizes the other major series, as weighted. We have, however, refrained from doubling the weights of the Cambridge observations, as we are aware of dangers in weighting too heavily any series that has incomplete phase coverage of an orbit.
Rather than give the elements for the primary component alone, we combine them with the secondary velocities determined in Section 4.1 and listed in Table 2 , and derive in Section 4.3 a double-lined orbit whose elements are listed in Table 4 and illustrated in Fig. 4 (later).
The rest of the paper describes what it has been possible to learn about this system from assorted spectroscopy that included our own ground-based and ultraviolet (UV) observations, published measurements and archival data.
S P E C T RO S C O P I C O B S E RVAT I O N S
We analyse first the ground-based observations in order to separate the component stars, classify their spectra, measure their radialvelocity differences and determine a double-lined orbit and mass ratio. Knowing the precise phases relevant to all the observations, we study next the sequences of IUE spectra to extract the evidence of circumbinary material and a stellar wind. We then derive a photometric model and the physical parameters of the component stars, and go on to model the evolutionary state of the binary.
Ground-based (blue and near-UV) spectra
The prime objectives of our ground-based spectroscopy of HR 1129 are to classify the component spectra and to determine the mass ratio of the two stars. Following the method established in earlier papers in this series and described more fully by Griffin (1986) , we attempt to retrieve the pure spectrum of the secondary star from the observed composite spectrum by subtracting from the latter, point by point, the spectrum of a standard star selected to mimic as nearly as possible the spectrum of the cool-giant component. The quality of the analysis described below depends critically upon how well that separation is achieved. During the course of our analyses of the composite-spectrum binaries described in this series we have built up a library of standard spectra that is adequate for most cases, so the only fresh observations required are of the composite spectrum at certain phases.
Our first exploratory spectrogram of HR 1129 was recorded in the blue/near-UV at 8.8 Å mm −1 with the 36-inch camera at the coudé focus of the Calar Alto (CA) 2.2-m telescope in mid-1987. Although the RV separation between the component stars was not maximal at that phase (.19), the spectral types are sufficiently different that reliable estimates of the types could nevertheless be made. Additional plates of the same wavelength region were exposed at CA in 1988 and 1989 (φ = .26 and .32, respectively) , one with the 36-inch camera again, the other with the 144-inch camera at a reciprocal dispersion of 2.2 Å mm −1 (Table 2 ). Ten years later three photographic spectra of HR 1129 were recorded at 6.4 Å mm −1 with the 36-inch camera at the coudé focus of the 1.2-m DAO reflector, at φ = .757 and .852; see Table 2 .
The data set was later augmented with 25 high-dispersion, lownoise CCD observations, aiming first to concentrate on phases near maximum RV separation (φ ∼ .019) in mid-2001 from which a precise mass ratio for the system might be derived, and then on phases near conjunction (φ ∼ .15) in late 2003 since the large value of f (m) given by the single-lined orbit and the lack of change of position angle suggested the possibility of eclipses. Those spectra were recorded at a reciprocal dispersion of 2.4 Å mm −1 with the 96-inch camera at the coudé focus of the DAO telescope (see Table 2 ). For the first two DAO spectra the detector (a SITe-2 CCD) provided a field of only ∼50 Å, whereas for all the rest the larger (SITe-4) CCD that was used yielded a spectral range of about 145 Å. 17 of the spectra were centred at λ3950 Å for Ca II H & K and seven near the Mg II line at λ4481 Å; one was centred near Hδ at λ4101 Å.
Five pairs of sequential spectra (shown bracketed together in the table) were averaged, and subsequently used in that form. DAO 16769 was itself an average of three sequential spectra recorded photographically on the same plate, and DAO 16770 an average of two.
The CA plates were processed, digitized with the modified JoyceLoebl microdensitometer of the Institute of Astronomy (IoA), Cambridge, intensity-calibrated and reduced in the manner described elsewhere (Griffin 1979) . Spectra were extracted across a span of 1000 Å, in steps of 10 mÅ for plate CA 3976 and 50 mÅ for the other two. The three DAO spectrograms were scanned with the DAO's PDS microdensitometer, and the spectra extracted in steps of 50 mÅ. The signal-to-noise (S/N) ratios of the photographic spectra were in the range 25-100.
1-D spectra, having S/N ratios mostly between 100 and 150, were extracted in steps of 10 mÅ from the CCD observations by means of a combination of IRAF and our own software, as described previously for similar studies (e.g. Griffin & Griffin 2004 ).
Isolating the hot secondary
The first step towards separating the component spectra is to find which spectrum from a library of standards best matches that of the primary star.
Trial subtractions were performed first with the photographic spectra, whose wide wavelength range offers many diagnostic features. Our spectra are already aligned for subtraction because we extract them in the wavelength rest-frame of the primary, or of that of the single standard. The spectrum of the primary (HR 1129 A) could best be matched by that of α Aqr and slightly less well with β Dra; they are classified by Keenan & McNeil (1989) as G2 Ib and G2 Ib-IIa, respectively. In practice the choice of surrogate primary does depend a little upon the quality of the individual spectra in our library of standards, and we used β Dra as the surrogate for the high-dispersion CA spectrum (CA 3976) but α Aqr for all the others. The spectrum of β Dra was in any case the standard for all subtrac- tions shortward of λ3850 Å, where our spectrum of α Aqr was inadequate. Subtractions were optimized by visual inspection. Shorter stretches of the spectrum of the secondary (HR 1129 B) were then isolated from the higher-dispersion CCD spectra by subtracting a high-S/N-ratio spectrum of α Aqr; the extracted spectra have S/N ratios in the range 30-100. The isolation of the spectrum of HR 1129 B near Hδ and near Mg II λ4481 Å is illustrated in Figs 1 and 2 , respectively. It will be seen that the observed spectrum is satisfactorily matched by a synthesis of two spectra, and we do not find the same need as Parsons (2004) to postulate the existence of a third spectrum in the system.
UV observations
Commencing at the same time, but quite independently, a sequence of spectra of HR 1129 was initiated with IUE. The IUE archive contains 25 low-and high-resolution spectra observed during the interval 1982 February 16 to 1994 November 22, and spanning phases .86-.63 within one cycle, i.e. right through conjunction and periastron to beyond apastron. The spectra can be accessed via the IUE Newly Extracted Spectra (INES) archive constructed at the European Space Agency (ESA) Villafranca del Castillo Station, and are readily available via the Web (http://ines.laeff.esa.es/index2.html).
The earliest five spectra (phases .86-.95) are low-resolution ones. From them we selected two well-exposed examples from each of the short-wavelength (SWP camera, λ1200-2000Å) and longwavelength (LWR camera, λ2000-3200Å) regions, and combined them using routines in the DIPSO software (Howarth et al. 2003) . From observations of the λ2200-Å feature we estimated the reddening of the system, applying the standard procedure of 'nulling' and assuming a Seaton (1979) reddening curve; in that way we derived
Higher resolution is essential for scrutinizing details of the numerous low-excitation features present in the UV, so in this paper we concentrate on the 20 observations made at the higher resolution, although the phase coverage was then less. Table 3 contains a journal of the high-resolution (δλ ∼ 0.15Å) IUE data used here; the velocities in the two final columns were calculated from the double-lined orbit (Table 4 ). The two earliest spectra (phases .945 and .958) had been observed with the LWR camera, but the rest with the LWP camera, which had better noise characteristics in the important λ2800-Å region; unfortunately observations of the short-wavelength region did not commence until phase .20, i.e. shortly after conjunction. Thus, in searching for phase-dependent variations we have mostly concentrated on the diagnostically valuable Mg II resonance lines near λ2800Å. 
T H E M A S S R AT I O O F H R 1 1 2 9
The mass ratio, q, of a binary system is readily derived from the RV differences between the component stars,
where v is the velocity relative to the γ -velocity; subscripts 1 and 2 refer to the primary and secondary, respectively. In principle q can be determined from a single observation of the composite spectrum provided that the phase is reasonably favourable. In the present instance, however, we have sufficient observations to furnish a double-lined orbit, so we have determined the mass ratio by that means rather than from individual results. In our procedure the secondary spectrum takes the wavelength scale of the rest-frame in which it was isolated, i.e. that of the primary, so its displacement within that wavelength frame corresponds simply to its RV difference from the primary. The absolute velocity of the secondary is found by adding that difference to the known radial velocity of the primary, computed from the latter's orbit.
Measuring RV displacements of HR 1129 B
The RVs of HR 1129 B are determined by measuring the velocity displacement of each spectrum within the rest-frame of the primary, and correcting it by the absolute velocity of the latter. We measure the velocity displacements of the secondary spectrum by cross-correlation with an appropriate template, which can be a matching stellar spectrum, a synthetic spectrum, or another version of the secondary's own spectrum. The last offers the advantage that the match is exact (apart from noise). However, unless different versions of the surrogate primary are used, the noise originating in the surrogate will autocorrelate in cross-correlations of the secondary spectra, forming in the cross-correlation function (CCF) a narrow autocorrelation peak at precisely zero RV. The problem can be avoided by using different spectra as the surrogates in the subtraction procedure -either independent observations of the same standard star or spectra of different but very similar standards. Details of those issues have already been discussed adequately in earlier papers in this series (e.g. Griffin & Griffin 2002 ).
In the case of HR 1129 there was no opportunity to cross-correlate different versions of the secondary extracted at different phases, since an RV displacement sufficient to separate the stellar CCF from a spurious one at zero RV occurs only during a small portion of the orbit (phases ∼ .99 to .1). Moreover, multiple versions of the standard (α Aqr) were not available. Each uncovered spectrum of the secondary was therefore cross-correlated with a synthetic spectrum calculated for [T eff = 13 000 K, log g = 3.5]. The secondary spectra extracted from the lower-dispersion observations were additionally cross-correlated with a spectrum of the B7 IV star π Cet, yielding differences that were small (<1 km s −1 ) and did not at first appear to be systematic (but see Section 4.2.1, where the errors associated with our RV measurements of HR 1129 B are also discussed). For the higher-resolution CCD spectra the spectrum of π Cet was not used as a cross-correlation template on account of the greater broadening of its lines (some 15 km s −1 ) compared with those of HR 1129 B. Since HR 1129 B has sharp lines, we excluded the Balmer lines and restricted the cross-correlation to the metallic-line features, even though they are rather few and not strong. The Ca II K line was also excluded owing to the presence of an interstellar (IS) line, which is almost as strong as the stellar feature and is resolved from it only near the nodal passage at φ ∼ .0. The distorting effects in the observed profile of the K line at the single-line phases were easily demonstrated by restricting cross-correlations to just that line. Nearly 900 Å of the uncovered spectrum of HR 1129 B (drawn in red), derived by averaging the five lower-dispersion spectra observed photographically, is compared to a Jeffery synthetic spectrum calculated for [T eff = 13 000 K, log g = 3.5] (drawn in black). To achieve a reasonable match to the narrow stellar absorption features, the synthetic spectrum has been blurred to mimic a rotational velocity of 12 km s −1 . Before averaging the spectra, appropriate velocity shifts were applied to annul their respective displacements from the stellar rest-frame.
Armed with the measured displacements of HR 1129 B, we could then apply appropriate corrections and average the various sets of observations of its spectrum. Fig. 3 illustrates the spectrum of HR 1129 B in the region λλ3700 to 4575 Å, derived by averaging the five spectra extracted from the lower-dispersion CA plates and the DAO plates (such averaging was feasible because the spectra from the two observatories had closely comparable resolution). It clearly shows the B7 nature of this component.
The errors and uncertainties associated with the measurements of RV displacements are described in the following section.
Errors affecting the cross-correlation measurements
The most significant source of uncertainty in our RV measurements of HR 1129 B is random errors arising from noise, though other sources can also contribute. A full discussion of the errors affecting the cross-correlation of an extracted secondary spectrum was given in Paper 11 of this series in our analysis of α Equ (Griffin & Griffin 2002) , so a summary of the types of errors and their sources will suffice here. However, because the lines of HR 1129 B are sharp but rather few, and because the component stars are quite dissimilar, the balance of contributions from the various sources of uncertainty is quite different for this star compared with the case of α Equ.
Types of errors, and their sources
We segregate the RV uncertainties into three types: internal errors, processing errors and measuring errors.
(a) Internal errors are inherent in the spectra before subtraction is carried out, and stem from inaccuracies in the wavelength scales of the composite (and thence of the secondary), the surrogate and/or the template spectra. Whilst such errors are systematic in nature from the point of view of the spectrum they constitute random errors in these RV measurements. If the template is an actual stellar spectrum its wavelength scale, which is derived by fitting a least-squares solution to a rather small sample of lines, is prone to distortion by noise in the line profiles. Since it is presumed that such a scale error is absent if the template is a synthetic spectrum, its presence in a stellar template can be checked by cross-correlating one type of template with the other. Cross-correlating the CA spectrum of π Cet against the Jeffery synthetic spectrum for [T eff = 13 000 K, log g = 3.5] indicated a systematic error of −0.06 pixels, or 0.2 km s −1 (at the dispersion for that spectrum 1 pixel ≡ 50 mÅ). (b) Processing errors are brought about by spectrum mismatch between the primary and surrogate spectra; 'mismatch' refers to line widths and profile shapes as well as line strengths. Subtracting a surrogate that is a sub-optimal match, or a slightly inappropriate fraction of even a well-matching one, will leave a faint trace of the primary's spectrum superimposed on that of the extracted secondary. If the secondary is of sufficiently advanced metallic-lined type (∼mid-A or later), its cross-correlation with a matching template will record the contribution from that trace spectrum, and the resulting CCF will be biased. Such errors are therefore systematic, and can be a major source of error and uncertainty in cross-correlation measurements of the secondary spectra in many composite-spectrum binaries. For HR 1129, however, even though we could not produce a surrogate that matched the primary's spectrum as closely as we wished, the component spectra have no features in common, so significant drag arising from residual primary features is not to be expected. (c) Measuring errors are generated within the cross-correlation procedure, specifically in the determination of the position of the CCF centroid (i.e. the RV measurement). Errors caused by noise in either spectrum or in weak, broad CCF peaks are random, while the selection of wavelength limits to isolate or exclude particular spectral lines and to manage the 'end effects', or excessive continuum truncation, can bias the measurements systematically. The sources and treatment of those measuring errors have been discussed in detail by Griffin, David & Verschueren (2000) . Such errors are obviously exacerbated if the CCF is asymmetrical. The procedure that we have developed seeks to minimize the effects of CCF asymmetries by cross-correlating the same two spectra but in opposite senses, superimposing the resulting CCFs, and applying any necessary shift to achieve an optimum fit. In cases of severe asymmetry the peak centres are ignored and the CCFs are matched as well as possible along their flanks. An asymmetrical CCF peak therefore always introduces some uncertainty into the measured RV, though amounts will vary from case to case.
In HR 1129 B the metallic lines which were used exclusively for the cross-correlations are sharp, and most are isolated. The CCF peaks were accordingly narrow and generally symmetrical, offering little margin for measuring errors. On the other hand the rather low S/N ratios of some of the extracted spectra, particularly the photographic ones, gave rise to uncertainties which are hard to quantify. Since such errors are predominantly random, they can best be assessed from the scatter of the secondary velocities in the doublelined orbit solution (Table 4) .
Double-lined orbit
The velocity displacements of the secondary star relative to the primary, determined above, were added to the primary's velocities (Table 2 , column 8) computed from the single-lined orbit, to yield the Table 1 . For the secondary, the plus-in-circle symbols denote CCD observations at the K-line and Hδ and also the one high-dispersion photographic observation; open stars are used for CCD observations near λ4481 Å, while asterisks represent photographic measurements, which were half-weighted relative to the weight of 1 / 10 applied to the other secondary velocities.
heliocentric velocities of the secondary (column 9). They were then incorporated into a double-lined orbit solution (Table 4 and Fig. 4) . The weightings for the velocities of the primary were as listed in the footnotes to Table 1. The secondary velocities were given a weight of 1 / 10 except for those derived from lower-dispersion spectra, which were given a weight of 1 / 20 . A correction of −0.2 km s −1 was also applied to the latter observations to compensate for the systematic wavelength shift that was detected between the spectra of π Cet and a synthetic spectrum (Section 4.2.1). The figures given in brackets in column 9 of Table 2 are the residuals according to that double-lined orbit solution.
Uncertainty in K 2
The dominant uncertainty in q derives from that in K 2 . Because the uncertainties in the measured RVs are largely noise in the spectra of the secondary and are therefore random, their impact upon the value of K 2 can be assessed directly from the scatter of points in the double-lined orbit, where they are assumed to be random only. The orbit solution finds a standard deviation (s.d.) of 1.4 km s Table 4 lists the s.d. of K 2 as 0.34 km s −1 . In order to accommodate any systematic error which may also have been absorbed into the orbit solution (such as was identified in the wavelength scale of the low-dispersion stellar template), we have adopted a more pessimistic uncertainty for K 2 of ±0.8, which gives a corresponding uncertainty in q of 0.05.
Component masses
The uncertainty in q recommended above gives rise to uncertainties of ±0.24 M ᭪ in M 1 and ±0.21 M ᭪ in M 2 . From the orbit solution we thus obtain a lower limit for M 2 of 4.3 M ᭪ if i = 90
• , but an upper limit that depends upon the value of i. When the preliminary orbit was published 16 years ago (Griffin 1990 ) i had not been determined, though it was likely to be less than 90
• since there was no evidence of even a grazing eclipse. However, a recent unpublished speckle orbit (Mason, private communication 2005) based on 15 resolved measurements made between phases .5 and .8 in the general vicinity of apastron gives i = 87
• ± 4
• (incidentally confirming that searching for eclipses was by no means unreasonable). That constraint on i, together with the uncertainty in q, yields M 2 = 4.5 ± 0.21 M ᭪ . With q = 1.11 we then derive M 1 = 5.0 ± 0.23 M ᭪ for the G2 Ib-II primary.
According to Andersen (1991) a dwarf of spectral type B6-B8 has a mass in the range 3.4-4.2 M ᭪ . The mass of HR 1129 B is therefore 10-20 per cent greater than indicated by Andersen's mean relationship for dwarf stars, and is also in keeping with other evidence (described below) that that component has a significantly higher luminosity than class V.
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Spectral types of the component stars
The tests to determine the best surrogate to subtract from the primary spectrum indicated a spectral type for HR 1129 A of G2 Ib-II. We will refer again to that luminosity assignment later in the paper.
The extracted spectra of HR 1129 B were corrected for their respective RV displacements given by the double-lined orbit (Section 4.3), and averaged in three sets: (a) the five lower-dispersion photographic spectra; (b) the 15 post-1999 CCD spectra of the Kline region; and (c) the five CCD spectra of the Mg-line region. We recognize that averaging will inevitably blur any phase-dependent variations that may relate to IS and circumbinary material (see Section 6). The spectrum of HR 1129 B (Fig. 3) is evidently of midlate B type. It has remarkably sharp lines. Comparisons with π Cet, whose spectral type given by Houk & Smith- Moore (1988) is B7 IV, reveal small differences in the Balmer-line profiles, indicating that HR 1129 B is slightly earlier and/or has a higher luminosity. In that regard, further critical evidence could be supplied by the strengths of He I lines, but in HR 1129 B they are rather weak and in our spectra their profiles are unfortunately a little too noisy to provide an unambiguous answer to the question.
Comparisons between the spectrum of HR 1129 B and a limited grid of synthetic spectra generated by Vrancken in steps of 10 mÅ [unpublished; described by Vrancken et al. (1997) and kindly made available by them] gave a very good match to effective temperature (T eff ) = 13 000 ± 300 K, log g = 3.5 ± 0.2 -the hottest model in our grid. Part of those comparisons is illustrated in Fig. 5 . Comparisons with the Jeffery grid of synthetic spectra described by Jeffery, Woolf & Pollacco (2001) , and available in steps of 50 mÅ, 1 also yielded 1 Available from http://star.arm.ac.uk/%7Ecsj/models/Grid.html an overall best fit corresponding to a model calculated for [13 000, 3.5] and solar composition, but were less convincing than those illustrated in Fig. 5 in that many of the metallic lines were stronger in the synthetic spectrum than in the star; the cause was possibly the larger built-in microturbulence of 5 km s −1 in the Jeffery spectrum, compared to 2 km s −1 in the Vrancken one. The two obvious diagnostics (Balmer-line profiles and He-line strengths) behave differently with changing T eff or gravity, and in this case did not appear to provide a unique solution. There was little doubt, however, regarding the best value of log g, because in the synthetic spectra corresponding to log g = 3.0 the higher members of the Balmer series were noticeably too strong. Schmidt-Kaler (1982) identifies a star of T eff = 13 000 K with types near B7 III, IV or V. π Cet, known for nearly a century to show variable RV (Campbell & Albrecht 1910) , is a single-lined binary with a period of 7.43 yr (Lacy et al. 1997) , though its secondary is thought to be a low-mass star and does not contribute appreciably to the observed spectrum. But while the spectrum of HR 1129 B appears to be closely matched by that of π Cet in the lower-dispersion spectra, the CCD spectra at higher dispersion reveal that HR 1129 B has narrower Balmer-line profiles, suggesting that it has a higher luminosity than π Cet. (It also has a slightly smaller rotational velocity.) We have therefore classified HR 1129 B as B7 III-IV.
The colours of the component stars
In our previous analyses of composite-spectrum binaries we have normally based a photometric model on the colours of the bestmatching standard stars. However, both surrogate standards (α Aqr and β Dra) which we used here for the primary in HR 1129 are somewhat reddened: their measured (B − V) values, of 0.97 for the first and 1.00 for the second (Johnson et al. 1966) , when compared to the unreddened values of 0.86 or 0.83 for G2 Ib and G2 Ib-II respectively listed by Schmidt-Kaler (1982) , imply extinctions of ∼0.36 and 0.53 mag, respectively. For this analysis we therefore selected for the two components the unreddened colours for G2 Ib-II and B7 III-IV tabulated by Schmidt-Kaler (1982) .
Determining M V
Our subtraction routine measures the ratio of the fluxes of the component stars. By comparing those values with corresponding flux ratios for matching standards published, for example, by Willstrop (1965 , plus an unpublished UV extension -private communication 2005 we obtain an estimate of the brightness ratio of the component stars. The measured flux ratios of the binary are not modified by reddening since the two stars are equally affected.
When the flux measurements from the lower-dispersion plates were compared with Willstrop's tabulations, a difference in visual magnitude ( M V ) of 1.0-1.1 was indicated when the comparison stars were α Aqr and either φ Eri (B8 V) or α Eri (B5 IV). When the flux ratios from the more limited spectral regions of the highdispersion CA plate (CA 3976) or the DAO CCD spectra were used instead, the value for M V was 1.1-1.2. However, the results derived from such comparisons should be increased by a factor of ∼1.1 to allow for the reddening of α Aqr itself (which was not taken into account by Willstrop) , yielding M V ∼ 1.1-1.2 for the lowerdispersion, but more numerous, results and 1.2-1.3 for the more restricted set; an average of M V = 1.2 was therefore adopted. (A small discrepancy between high-and low-dispersion results is not entirely unexpected; it may stem from a small mismatch in line width between the primary and its surrogate, persuading one to subtract a slightly different fraction of whichever surrogate is being used.) We recall that, for CA 3976, we had used as the surrogate primary spectrum that of β Dra because we had no other suitable standard spectrum available photographically at high dispersion. Although the CCD spectroscopy indicated that it was not quite such a good match to HR 1129 A as was α Aqr, its slightly lower luminosity (G2 Ib-II as opposed to G2 Ib) suggested that it might in fact be the better surrogate since the measured parallax of HR 1129 indicated that its luminosity too was somewhat less than class Ib; accordingly, we gave some weight to the flux measurements derived from CA 3976. We have estimated an overall uncertainty of ±0.2, viz. M V = 1.2 ± 0.2. Table 5 contains our photometric model for HR 1129. The conversion from apparent to absolute magnitudes is based on a distance modulus of 6.95 ± 0.4 mag inferred from the Hipparcos parallax.
The photometric model
Notwithstanding the visibly strong contribution from the B7 secondary in the photometric B-band region of the composite spectrum, the observed (B − V) of 0.80 mag for HR 1129 is very close to that for a G2 giant, implying that HR 1129 is substantially reddened. That inference is supported by the model: the comparison with the observed colours suggests a colour excess E(B − V) = 0.30 mag, which is in keeping with the value of E(B − V) = 0.24 ± 0.05 mag derived from the strength of the λ2200-Å feature in the IUE spectra (Section 3.3). From E(B − V) = 0.30 we derive E(U − B) = 0.23 mag and an extinction A V = 0.93 mag, which is is quite similar to that deduced by Parsons & Ake (1998) . When thus reddened and dimmed (line 4 of the table), the model parameters match the observed ones to well within the observational uncertainties. In the above we have used the conventional ratio R = A V /E(B − V) = 3.1; we note that Zdanavičius, Straižys & Corbally (2002) obtained R = 2.9 from their photometry of the same region, thereby reducing our calculated extinction to A V = 0.87 mag, but the deductions in the rest of this paper are not materially affected by that slight extra uncertainty.
According to the tables of Schmidt-Kaler (1982) the value of M V which we have now derived for HR 1129 A places it in the lower half of luminosity classification Ib-II, nearly 1 mag less luminous than the principal spectrum surrogate that was used (α Aqr) and much closer in luminosity class to the alternative one (β Dra). Regarding the secondary component, Schmidt-Kaler (1982) lists M V = −1.5 and −1.1 respectively for B7 III and B7 IV, so our value of −1.5 for the secondary star would place it in class III; however, the values for both stars listed in Table 5 contain uncertainties of an unknown amount stemming from our estimation of interstellar extinction, while that for HR 1129 B carries in addition an uncertainty of ±0.2 incurred through the measurement of M V . Moreover, although the relevant parameters indicate luminosity class III for the secondary star, in fact there is not a large difference between those and the parallel ones for class IV, so our classification cannot be very decisive.
I N T E R S T E L L A R A N D C I R C U M S T E L L A R M AT E R I A L
The measurements of the reddening in HR 1129 can be interpreted in two ways: either as indicating the presence of a substantial IS cloud at a distance no greater than 250 pc, or as suggesting a more homogeneous IS absorption in that direction plus additional reddening of the star by circumbinary material.
This section first examines published evidence of IS absorption from photometric studies of objects in the same region of the sky (Section 6.1), and then looks at direct evidence of circumstellar material and investigates the extent to which circumbinary gas (Section 6.2) and dust (Section 6.3) may also affect the observed colours of HR 1129.
Interstellar absorption
HR 1129 shows significant IS absorption in Ca II. Hardly more than half of the absorption in the narrow K-line in the secondary's spectrum arises in the stellar photosphere; the almost equal contributor is IS. It is resolved from the B-star component in only two of our spectra (DAO 10068 and DAO 11253, φ = .025 and .026 respectively), where we measured its equivalent width as 91 and 89 mÅ and its heliocentric RV as +1.7 and +3.5 km s −1 , respectively. On DAO 15037 and DAO 13784 it appears as a closely blended feature in the red wing of the secondary's K line, at heliocentric velocities of +0.3 and +3.3 km s −1 , respectively. With Galactic coordinates l = 141.
• 1, b = 6.
• 8, HR 1129 may be expected to show some IS absorption, though it is perhaps surprising to detect so much at its relatively small distance of ∼250 pc. However, the existence of clumpy local clouds in that region has been well demonstrated from systematic measurements of the shape, size and profile of IS clouds in the direction of the Galactic Equator in Cam OB3 (e.g. Zdanavičius, Zdanavičius & Straižys 2005 , and papers cited therein). Those authors detected considerable absorption between 150 and 1 kpc, the amount growing to 0.4-0.5 mag at 150 pc and still increasing beyond; simple extrapolation indicates IS extinction approaching 0.7-0.8 mag at the distance of HR 1129. While the direction of HR 1129 is just outside the region of their studies (which halt a few degrees south of its declination), it seems not unlikely that the extinction which they have mapped could extend a few degrees northwards. A detailed study of the extensive Cam OB1 association by Lyder (2001) has its northern limit at the position of HR 1129, but is restricted to objects thought to be more than 500 pc distant. All of the objects measured by Lyder show an extinction of at least 0.7 mag, so our result for HR 1129 is not inconsistent with Lyder's though it is higher than is found elsewhere for a distance of only 250 pc.
Circumbinary gas
The Ca II K line
That high-luminosity red stars exhibit intrinsic reddening has been well demonstrated (e.g. Massey et al. 2005 ) by studies of red supergiants in OB associations, where the luminous red members are more reddened than their O-and B-type neighbours. The primary in HR 1129 is not as cool as the highly evolved red giants in those associations, but (as demonstrated below) it nevertheless shares some of the same characteristics.
Some signatures of low-density circumstellar or circumbinary gas can be detected in the near-UV region of HR 1129: a series of K-line spectra in HR 1129 B reveals a broad, weak but persistent emission blue-shifted by ∼50-100 km s −1 around the phase of secondary conjunction, i.e. φ ∼ .98, when the B star is in front of the primary. A simple interpretation postulates a wind from the supergiant with which the B star interacts during periastron passage (φ ∼ .00). Since the broad emission is only seen on the blueward side of the K line, the wind has to be thick enough that we can observe only what is scattered towards us. However, the interaction is weak, and as the orbital eccentricity is high (0.67) the separation between the component stars may be too great for any emission to be discernible at other phases.
Signatures of circumbinary gas are both stronger and more numerous in the UV, where the flux of the G-type component is also substantially reduced compared with that of the B-type star, and the next two subsections investigate what can be discerned in the high-resolution IUE spectra of HR 1129. Fig. 6 shows a series of spectra at various phases in the region of the Mg II resonance doublet near λ2800 Å, and includes for comparison an archival spectrum of π Cet (dotted line). We now consider each set in more detail. The geometry of the binary may be understood from Fig. 7. (a) The photospheric lines are the strong redward components of the pairs of lines most prominent at φ = .945, the earliest phase observed (just before the conjunction at φ = .980, when the B star is in front). Those strong components persist, unchanged, throughout the phases recorded with IUE.
The Mg II h & k doublet near λ2800Å
(b) A comparable pair of strong features, shifted by 80-90 km s −1 (∼ 0.8 Å) shortward of the photospheric lines, also persists throughout the phases observed. Such features could originate in an optically thick shell of material, presumably expelled from the primary and now exterior to the binary. It is difficult to know if the features themselves vary, owing to the complication of additional absorption that appears between them and their photospheric counterparts, especially around φ = .15 (i.e. the conjunction phase with the primary in front). The shape and strength of the shortwavelength wing of the absorption near λ2794.7 Å suggest that the 'shell' is not highly variable, though allowance does have to be made for the noise characteristics of the IUE cameras (and recalling that the two spectra observed at φ = .945 and .958 were recorded with the somewhat noisier LWR camera).
(c) Evidence of the primary star's wind is found in additional blue-shifted absorption in each Mg II resonance line between the two systems referred to above. It commences fairly abruptly between phases .016 and .089, during which time the stellar components have progressed from being approximately equidistant from us to a configuration in which the G star is considerably in front of the B star. While the absorption is predominantly blue-shifted by some tens of km s −1 , the λ2795-Å line also exhibits a red wing extending beyond the photospheric component; that wing develops dramatically in both resonance lines by the next recorded phase (.197) , persists strongly at φ = .221, and is still just visible at φ = .435 and even at .497, not finally disappearing until φ = .564. We interpret that pattern of absorption as resulting from wind leaving the (rotating) G star, both blue-and red-shifted gas absorbing the light of the B star many hundreds of solar radii beyond the cooler star. The clear evidence of absorption between the shell and photospheric components at φ = .625, where the projected separation is of order 5000 R ᭪ , suggests a fairly dense wind feeding into a very thick shell, at least when viewed in the light of the Mg II resonance lines.
Paragraphs (d), (e) and (f) below outline other possible contributors to absorption or emission in this region of the spectrum, but they are either not present in HR 1129 or are not detectable in the IUE spectra.
(d) An IS component, which (according to Section 6.1) we expect to find at a velocity of almost zero km s −1 , is difficult to isolate. Such components would be very heavily blended with the B-star's photospheric lines, which (in contrast to the K line) are sufficiently strong to mask a narrow and fairly slender IS component, and (as is also true of the Ca II K line) are not noticeably resolved from it except when maximally red-shifted, i.e. at φ = .016. However, even the maximum orbital velocity of +20.8 km s −1 scarcely displaces the strong UV photospheric lines by more than their width. While the double absorption core in λ2802 Å at that phase and the unusual steepness of the short-wavelength sides of the profiles of both photospheric lines could be attributed to IS absorption, the noise level in that spectrum is too high for more positive confirmation.
(e) Many stars with luminosities comparable to that of HR 1129 A (α Aqr is a good example) exhibit strong chromospheric emission in the cores of the h & k Mg II doublet. In HR 1129 A there is but a hint of such emission, in the λ2796-Å line and only at phases well away from periastron: at φ = .945, and at .435 and later when the red wing of the postulated wind component is less strong. Comparable features do also seem to be present on the redward side of the λ2802-Å line. Chromospheric emission is, of course, known to be highly variable from star to star.
(f) Some binaries with components similar to those of HR 1129, notably the ζ Aur class, show evidence of accretion by the hot star as it moves in a 'wake' inside a shock zone trailing away from the centre of mass of the system, as described by Hack & Stickland (1987) ; the existence of such a wake would be evidenced by redshifted absorption. Such a phenomenon, if it exists in HR 1129, would best be detected at those phases when the B star is passing in front of the G star, i.e. between φ = .945 and .988 in the IUE spectra. Clear evidence of such a wake in HR 1129 is hard to detect; in Fig. 6 the redward broadening of the λ2802-Å line at φ = .958 is not matched in the other resonance line. However, the chance of detection could be affected to some extent by the aberration angle, and a wake might be so narrow that the observations missed it.
The Si II doublet near λ1530Å
UV Si II absorption is conventionally associated with a stellar wind. In Fig. 8 a sequence of IUE spectra centred on the Si II lines at λλ1526 and 1533 Å shows a satellite feature in the blue wings of those lines, particularly in the stronger one (λ1533 Å) at φ = .197, shortly after conjunction (φ = .15). As in Fig. 6 , the dotted line is again the spectrum of π Cet. Since there is no bodily eclipse of the secondary, the excess Si II absorption implies the presence of absorbing gas, presumably ejected by a wind, at a considerable distance from the supergiant primary. 
Circumbinary dust
'Warm' dust (e.g. at ∼30 K) shows a peak emission around 100 μm. We therefore examined the sub-millimetre flux measurements listed for HR 1129 in the IRAS Catalogue of Point Sources, together with a selection of early G giants and supergiants by way of comparison (Table 6 ). The fluxes, normalized at 12 μm, are plotted in Fig. 9 .
In Table 6 and Fig. 9 we have sorted the stars according to luminosity, but have not introduced further refinements such as spectral types since in many cases those details are not known with sufficient certainty; we have merely indicated where an object is a compositespectrum binary. It is obvious that many of these early-G stars show an infrared (IR) excess, but possibly from a variety of causes; for instance, both the strongest excess and the absence of any excess are identified with spectroscopic binaries. Many of the objects sampled -HR 1129 among them -have an excess of 100-μm flux which may be interpreted as evidence of circumstellar dust.
The supergiants in particular demonstrate a wide range of 100-μm excess, with HR 1129 being somewhat average in that respect. We recall the evidence in Section 6.2.2(b) of a 'shell' of material surrounding the system, and suggest that the UV absorption and the IR excess can both arise from such a shell if it is a mixture of gas and dust. It seems more likely (to us) that the deduced reddening of HR 1129 is due to a combination of IS and circumbinary extinction, rather than by the binary happening to lie behind or within a particularly dense local IS cloud. The fact that the photometric model reproduces the observed colours after the application of a simple one-parameter reddening correction indicates that the extinction affects both components equally, and is therefore effective across a cloud-like region that is sufficiently extensive to envelop both stars and not just the primary.
It is not clear how an IR excess is related to the visual extinction, A V . In Section 5.4 we estimated A V = 0.93 (or 0.87) mag on the assumption that the colour excess is all due to absorbing IS material, but to separate the contributions from the two possible sources requires modelling the IS medium in more detail than present knowledge can support. In their study of the relationship between IR and visible excess and extinction, De Ruyter et al. (2005) concluded that the interstellar extinction law can be applied to circumstellar dust but that the geometry of the dust is critical in how it affects the line-of-sight extinction. Nothing is known yet about the composition and distribution of the dust around HR 1129; all that could be affirmed from the discussion in Section 6.2.2(b) is that the 'shell' of material at some distance from the primary is not highly variable, from which we can surmise that it is likely to be a homogeneous (spherical?) cloud rather than a localized clump or a 'wake'.
The origin of such a shell remains a matter for conjecture, though we suppose that a stellar wind from the supergiant is a likely explanation. While Hα in HR 1129 has no obvious P Cyg profile to indicate a substantial stellar wind, the IUE observations of the Si II lines, which are regarded as wind diagnostics, do suggest the detection of a wind at a considerable distance from the primary. However, the causes and conditions of the formation of the IR excess may not be unique. We note that although both the strongest IR excess (in HR 7795) and the absence of any excess (in α Aur) are found in stars that are spectroscopic binaries, one could postulate that in order to warm the dust the presence of a hot secondary might be necessary.
P H Y S I C A L PA R A M E T E R S
An assessment of the evolutionary status and age of HR 1129 (Section 8) requires the physical parameters T eff , bolometric correction (BC), bolometric magnitude (M bol ), radius (R), luminosity (L) and mass (M) of the individual stars. The derivation of those parameters is discussed below for the two components separately.
In Section 4.4 the masses of the individual stars were derived as M 1 = 5.0 ± 0.23 M ᭪ , M 2 = 4.5 ± 0.21 M ᭪ . The minimum separation between the component stars is nearly 1000 R ᭪ , i.e. some 20 times the sum of their radii, so the system is well detached. Other physical properties are calculated from the assigned spectral types and the photometric model.
Cool primary component
The T eff of the surrogate primary, α Aqr (G2 Ib), was measured as 5206 K (Blackwell & Lynas-Gray 1998) by the IR flux method, while Luck (1982) derived T eff = 5250 K spectroscopically from Fe lines. The latter author similarly derived T eff for β Dra as 5275 K. An earlier paper (Luck 1977) published the slightly higher values of 5300 and 5375 K for α Aqr and β Dra, respectively, while Mozurkewich et al. (2003) derived the somewhat lower values of 4907 and 5118 K for the same pair, from observations made with the Mark III interferometer. Schmidt-Kaler (1982) lists 5200 K for spectral type G2 Iab and 5450 K for G2 III. For the type of G2 Ib-II which has been assigned in this paper to HR 1129 A we have therefore adopted 5250 K, with an uncertainty of ±150 K reflecting the lack of decision on the exact spectral classification. With M V = −2.70 ± 0.4 mag (Table 5 ) and a BC of −0.21 ± 0.02 mag (Flower 1996) we derive M bol = −2.9 ± 0.4 mag, R 1 = 41.1 ± 7.3 R ᭪ and log L 1 /L ᭪ = 3.06 ± 0.16 (see Table 7 ). The table by Schmidt-Kaler gives log L 1 /L ᭪ of 4.46 and 1.6 for types G2 Iab and G2 III respectively, which is again in harmony with our conclusion (Sections 5.1 and 5.4) that the luminosity of HR 1129 A is between classes Iab and II.
Hot secondary component
We derived T eff = 13 000 ± 300 K, log g = 3.5 for this component in Section 5.1 from comparisons with synthetic spectra. With M V = −1.50 ± 0.4 (Table 5 ) and BC = −0.89 ± 0.04 mag (Flower 1996) , we derive M bol = −2.4 ± 0.4 mag, R 2 = 5.3 ± 0.9 R ᭪ and log L 2 /L ᭪ = 2.85 ± 0.16 (Table 7) . Schmidt-Kaler (1982) lists log L/L ᭪ = 2.85 for B7 III and 2.51 for B7 V, so according to that source there is little doubt that the secondary is now evolving into a B-type giant. According to the Catalogue of Apparent Diameters and Absolute Radii of Stars (Pasinetti-Fracassini et al. 2001 ), a B7-type star with a radius of 5 R ᭪ or so is likely on statistical grounds to be a giant.
The above combination of parameters indicates log g = 3.65 which (given the low sensitivity of the latter to small changes in log g and the necessarily crude estimate of IS extinction that has been included in the photometric model) is tolerably close to the figure of 3.5 deduced from the appearance of its spectrum. It therefore seems established that the secondary is close to becoming a giant, and we classify HR 1129 B as B7 III-IV to indicate its current evolution. Table 7 . Physical parameters of the components of HR 1129.
Star
Type 
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Evolutionary tracks
In Fig. 10 we compare the positions of the component stars in the (log T eff , log L) plane with theoretical evolutionary tracks calculated from models and routines in the public domain (Pols et al. 1998) ; the error bars shown are from Table 7 . The models selected include overshooting, in line with their authors' advice. The fit to the respective tracks is reasonably good, though the rather large uncertainties in log L, stemming from the quoted uncertainty in the Hipparcos parallax plus other possible unknowns concerning the amount of IS extinction, define a much looser tolerance than is in fact indicated by the good inter-agreements which this analysis has found between the tabulated and derived luminosities of both primary and secondary components. The symbol representing the secondary actually lies right on the track for M 2 = 4.5 M ᭪ , and the track for 5.0 M ᭪ fits closely the symbol representing the primary, notwithstanding the inevitable uncertainties in this analysis. Fig. 10 suggests that the primary has nearly crossed the Hertzsprung gap prior to beginning its first ascent of the redgiant branch, while the secondary is already well above the main sequence. 
Isochrone fitting
The models used to create Fig. 10 indicate that the log (age) of the binary since the zero-age main sequence (ZAMS) is 8.02-8.08. In Fig. 11 an isochrone drawn for log (age) = 8.05 and solar metallicity fits the two stellar symbols well, though not perfectly; however, the result is consistent despite the large uncertainty in the distance and reddening (and hence luminosity) of the system. The relatively rapid time-scale -an order of magnitude shorter than in the case of a class III G-K giant -is in keeping with the apparently advanced state of evolution of the secondary. Figure 11 . The positions of the two component stars in the HertzsprungRussell diagram are compared to an isochrone for log (age) = 8.05 and solar metallicity. The isochrone was computed with software written by Pols et al. (1998) and now in the public domain.
Stellar rotation
Both component stars have fairly narrow spectral lines, though not as narrow as would be expected for synchronous or pseudosynchronous rotation in such a long-period orbit. Following Hut (1981) , we determined the pseudo-synchronous value of the rotational velocity to be about 2 km s −1 for the primary and about 0.25 km s −1 for the secondary. However, analysis of the observed Coravel dip indicates a rotational velocity of 11 km s −1 for the primary, while the synthetic spectra that matched the secondary's spectrum needed to be blurred by about 12 km s −1 to fit the observed line profiles. Because of the large separation (a minimum of nearly 1000 R ᭪ ) between the component stars the tidal forces will be weak, so the lack of synchronism is not surprising.
S U M M A RY
By applying the technique of spectrum subtraction we have successfully isolated the component spectra of HR 1129, and have shown, by comparisons with standards, that the spectra of the primary and secondary are closely matched with types G2 Ib-II and B7 IV, respectively; we have noted, however, that there appears to be little visible difference between the spectra of types B7 IV and B7 III, and virtually no difference at all in listed (B − V) and (U − B) colours.
Our RV measurements of the primary have yielded precise elements for that component, and by introducing RV measurements of the secondary at various phases as well we have been able to solve the double-lined orbit. We have determined a mass ratio q = 1.11, and since a speckle orbit indicates an orbital inclination close to 90
• we have been able to constrain the minimum masses given by the double-lined orbit to 4.8-5.2 M ᭪ for the primary and 4.3-4.7 M ᭪ for the secondary. The physical parameters that we have derived for both stars indicate clearly that the secondary is itself evolving into a giant, and we have shown that the positions of both primary and secondary in the Hertzsprung-Russell diagram can be fitted very closely with evolutionary tracks, calculated for 5.0 and 4.5 M ᭪ , that correspond to a log (age) of 8.05 beyond the ZAMS.
Our photometric model (which otherwise represents the stars satisfactorily) can be reconciled fully with observation only if we introduce an amount of IS extinction (A V ∼ 0.9 mag) that is rather more than expected for purely IS absorption at the binary's distance of about 250 pc, and also somewhat more than has been confirmed to date at that distance in the same region of the sky by photometric studies. However, we have shown that the IUE observations bear evidence of the existence of an absorbing shell around the binary, and of a stellar wind. We have also found indications from sub-millimetre IRAS fluxes that HR 1129 is embedded within warm dust (probably at a temperature of the order of 30 K), and have proposed a causal connection between those two manifestations of circumbinary material. That G-type supergiants shed mass through a wind is well known; one particularly well documented example is 22 Vul (G5 Ib + B8 V; Griffin et al. 1993 ), for which Reimers & Che-Bohnenstengel (1986) measured a mass-loss rate of 6 × 10 −9 M ᭪ yr −1 .
